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One of the objectives of the new Release 14 WI proposal for Further Enhanced MTC [1], is the extension of SC-PTM to support eMTC devices.
At the RAN2#95 meeting [2], the following agreements were arrived at:
· The Rel-13 SC-PTM architecture is assumed for multi-cast design for NB-IoT and MTC.
· Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.
· Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 
· Service continuity of multi-cast should be supported as in Rel-13 for Idle mode for NB-IoT and MTC.
· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.
· RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.
· The CE level information (e.g. repetitions) is one of the AS configurations for SC-MTCH.
· UM mode is to be used for SC-PTM in NB-IoT and MTC.
· To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration (a new SIB20-NB for NB-IoT). 
· Both SC-MCCH and SC-MTCH can maybe be scheduled on anchor carrier and/or non-anchor carrier for NB-IoT.
· SC-MCCH and SC-MTCH can maybe be scheduled on different carriers for NB-IoT and for MTC (narrowband for MTC). Need to consider e.g. MCCH modification and e.g. frequency hopping for MTC. 

From these agreements, it appears that the basic 3 step process (SIB20  SC-MCCH  SC-MTCH) for acquiring SC-MTCH is to be retained. In this document we discuss the search space design for the SC-MCCH and SC-MTCH.
Discussions
A cell serving SC-PTM to normal UEs, relies on those UEs monitoring the wideband PDCCH for different DCIs performing the following functions:

· SC-MCCH Scheduling
· The UE monitors the PDCCH in subframes scheduled by SIB20, for DCI format 1A/1C to obtain the SC-MCCH PDSCH scheduling.
· This DCI is scrambled by the SC-RNTI, which is predefined (see TS36.321).
· SC-MCCH Change Notification
· The SC-MCCH change notification is always scheduled in the same subframe as the SC-MCCH.
· This DCI is scramble by the SC-N-RNTI, which is predefined (see TS36.321).
· SC-MTCH Scheduling
· The UE monitors the PDCCH in subframes scheduled by the SC-MCCH SCPTMConfiguration  message, for DCI format 1A/1C to obtain the SC-MTCH PDSCH scheduling.
· The G-RNTI used to scramble the scheduling and transmission of a SC-MTCH is provided within the SC-MCCH SCPTMConfiguration message.

Due to their simplified low cost design, eMTC devices do not use the wideband PDCCH.  Instead these devices rely on either:
· Using DCI carried by MPDCCH in eMTC narrowband optimised search spaces. 
· Using predefined rules along with information in the MIB. (e.g. for SIB1 scheduling)
For Rel-13, 4 search spaces are defined:
· Type0-MPDCCH common search space – CSS for fall back and 3/3A
· CE mode A only
· Type1-MPDCCH common search space – Paging
· Fixed “2+4” PRBs per narrowband, no option to use just 2 or 4 PRBs
· Configurable number of narrowbands for paging (SIB2 paging-narrowBands-r13)
· UE ID determined Starting subframe/radioframe & narrowband locations 
· See TS36.304, section 7.1
· Up to 4 Blind decode candidates (different repetitions/AL) per search space
· P-RNTI DCI format 6-2 paging DCI limited to pointing to a 6 PRB PDSCH paging resource

· Type2-MPDCCH common search space – RAR, Msg3 retransmission, Msg4
· Fixed “2+4” PRBs per narrowband, no option to use just 2 or 4 PRBs
· Can configure location of up to 2 narrowbands (SIB2 mpdcch-NarrowbandsToMonitor-r13)
· Configurable MPDCCH Starting positions 
· 
For Type2-common search space, is given by the higher layer parameter mPDCCH-startSF-CSS-RA-r13 (SIB2)
· Greater than 4 Blind decode candidates (different repetitions/AL) per search spaces

· UE-specific search space

· Configurable “2, 4, 2+4” PRBs per narrowband
· Higher layer signalling (EPDCCH-Config) provides the startingSF (mpdcch-StartSF-UESS-r13), narrowband (mpdcch-Narrowband-r13) and number of repetitions (mpdcch-NumRepetition-r13) of the MPDCCH search space.
· Up to 16 blind decode candidates per search space 


According to our understanding of the RAN2#95 agreements, since the 3 step process (SIB20  SC-MCCH  SC-MTCH) for acquiring SC-MTCH, is to be retained, it is necessary to define search spaces for both the eMTC SC-MCCH and SC-MTCH.  
Since reception of multi-cast is to be supported by UEs in RRC_Idle mode, the 2 most obvious candidate search spaces are the type-1 and type-2 CSSs. 
· Type-1 CSS
A potential advantage of using the Type-1 CSS is that UE could monitor paging and SC-MCCH/SC-MTCH simultaneously, which should reduce UE power consumption.
However using this CSS in this manner would require the SC-MCCH/SC-MTCH MPDCCH starting subframes to be aligned to the UE ID specific paging occasions (PO). 
Disadvantages associated with trying to align paging and SC-MCCH/SC-MTCH scheduling, include:
1. Restricted MPDCCH scheduling configuration (now linked to the UE ID specific Paging Occasions) which cannot easily be optimised for different SC-PTM use-cases (e.g. CE Prach level 0/1 only SC-PTM service).
2. Inefficient use of network resources, since the same SC-MCCH/SC-MTCH scheduling information has to be resent for each PO.
3. The restrictive paging DCI (format 6-2) which currently doesn’t support PDSCH scheduling for fewer than 6 PRBs.
· Type-2 CSS
The advantages of the Type-2 CSS over Type-1 CSS include:
1. Efficient use of network resources, since the network only needs to send the same SC-MCCH/MTCH information once because all UEs now monitor the same CSS.
2. Scope to differentiate SC-MCCH/SC-MTCH(s) for different use-cases by defining alternative starting subframe parameter mPDCCH-startSF-CSS-RA-r13.
3. Network has more scheduling opportunities per search space due to the higher number of blind decode candidates supported
The disadvantages of the Type-2 CSS, include:
1. The RRC_Idle mode UE now has to monitor 2 search spaces (paging and SC-PTM) rather than 1.
2. Rule needs to be devised to handle the potential overlap of paging and SC-PTM SS.
3. Currently the Type-2 CSS assumes “2+4” PRBs, which for some SC-MTCH use cases (e.g. a service targeted for only CE PRACH level 0/1 UEs) maybe unnecessary and block resources for other UEs.

Given the discussion above, it is proposed that the SC-MCCH and SC-MTCH search space is based on the Type-2 CSS design, with additional parameters (sent in SIB20 for SC-MCCH SS and SCPTMConfiguration for SC-MTCH SS) to allow the network to optimise the SS configuration for different use cases.
Note, in some ways a Type-2 CSS with the added options listed above is very similar to a USS. 
Proposal 1: 	The SC-MCCH and SC-MTCH search spaces are based on the Type-2 CSS design, with additional parameters (sent using SIB20 for SC-MCCH SS and SCPTMConfiguration for SC-MTCH SS) to allow the network to configure:
· Separate narrowbands for each SC-MCCH/SC-MTCH  
· Separate values of G for each SC-MCCH/SC-MTCH
· “2” and “4” PRB options (may only be required for SC-MTCH)
Since the proposed SC-PTM search space is based on Type-2 design, there may be an overlap between the CSSs for paging and SC-PTM.  For eMTC, the typical use case is for mobile originating traffic which typically does not require the network to page the UE. Therefore, in case of overlap between CSS for paging and SC-PTM, it is proposed that UE will monitor CSS for SC-PTM.
Proposal 2: 			In case of overlap between CSS for paging and SC-PTM, UE will monitor CSS for SC-PTM.
Additionally, there are also possible overlap between SC-MCCH and SC-MTCH search spaces, and SC-MTCH and SC-MTCH search spaces for different sessions. In this case, UE will of course monitor only one search space and a priority rule must be defined. For overlap between SC-MCCH and SC-MTCH search spaces, it is preferred to prioritize SC-MCCH search space. For overlap between SC-MTCH and another SC-MTCH search spaces, it is FFS how to prioritize. 
Proposal 3: 		In case of overlap between CSS for SC-MCCH and SC-MTCH, UE will monitor CSS for SC-MCCH.
SPS is likely to be used extensively with SC-PTM to reduce the signalling overheads.  Current specifications already define for CEModeA, how DCI format 6-1A is to be used to configure Rel-13 Connected mode UEs to use activate and release SPS sessions.  In addition, the existing definitions of DCI format 6-1A and 6-1B support more options for optimising MPDSCH scheduling (e.g. DCI 6-1A can enable/disable frequency hopping) to coverage conditions, than other DCIs. 
Proposal 4:		The SC-MTCH search space, should reuse existing DCI formats 6-1A and 6-1B.
Conclusions
In this contribution, we have discussed the search space design for the SC-MCCH and SC-MTCH.  From those discussions we have the following proposals for RAN1 to consider.

Proposal 1: 	The SC-MCCH and SC-MTCH search spaces are based on the Type-2 CSS design, with additional parameters (sent using SIB20 for SC-MCCH SS and SCPTMConfiguration for SC-MTCH SS) to allow the network to configure:
· Separate narrowbands for each SC-MCCH/SC-MTCH  
· Separate values of G for each SC-MCCH/SC-MTCH
· “2” and “4” PRB options (may only be required for SC-MTCH)
Proposal 2: 			In case of overlap between CSS for paging and SC-PTM, UE will monitor CSS for SC-PTM.
Proposal 3: 		In case of overlap between CSS for SC-MCCH and SC-MTCH, UE will monitor CSS for SC-MCCH.
Proposal 4:		The SC-MTCH search space, should reuse existing DCI formats 6-1A and 6-1B.
References
[1]		RP-161321						New WI proposal on Further Enhanced MTC			Ericsson
[2]		RAN2#95 Meeting Report		http://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_95/Report/







image1.wmf
G


oleObject1.bin

